Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is a major global health issue affecting approximately 10% of people over 40 years old.[@CIT0001] It is a chronic airway inflammatory disease characterized by persistent and poorly reversible airflow limitation.

Different T-helper (Th) cell cytokines have been identified in the pathogenesis of COPD. Th1 cytokines, such as interferon γ (IFN-γ), tumor necrosis factor α (TNF-α) and interleukin 2 (IL-2), are critical pro-inflammatory cytokines that activate macrophages, NK cells, and CD8+ T cells, leading to neutrophilic inflammation, promote pathogen clearance, and even lead to tissue destruction.[@CIT0002] Th2 cytokines (eg, IL-4, IL-5, IL-13, and IL-17E) are associated with immunity against extracellular parasites, allergy and airway hypersensitivity.[@CIT0002] Recent studies revealed that COPD patients with high a Th2 cytokine response had increased eosinophil counts, increased bronchodilator responsiveness and improved response to ICS treatment.[@CIT0003],[@CIT0004] IL-6, IL-1β, IL-21, and IL-23 are essential for the differentiation, function and survival of Th17 cells, which produce mainly IL-17A, IL-21, IL-22, and IL-23.[@CIT0005] IL-17A and IL-22 induce epithelial cells to produce antimicrobial peptides, chemokines, and granulocyte growth factors to promote neutrophil accumulation in the airway.[@CIT0006] T regulatory cells (Treg) suppress the proliferation and cytokine production of other T cells through the creation of anti-inflammatory cytokines, such as IL-10 and transforming growth factor-β (TGF-β).[@CIT0002] Several studies have shown an impaired balance between Treg cytokines and Th17 cytokines in COPD.[@CIT0007],[@CIT0008]

Studies have shown that high levels of TNF-α and IL-17A are negatively correlated with pulmonary function in COPD.[@CIT0009]--[@CIT0011] However, therapies targeting these cytokines (infliximab and etanercept against TNF-α and CNTO 6785 against IL-17) have not shown promising effects in COPD patients, such as an improvement in pulmonary function and symptom scores or a decrease in exacerbations.[@CIT0012]--[@CIT0016] Notably, an increase in infection and respiratory tract cancers was observed in these trials. Therefore, further studies are needed on the profiles of cytokines and the relationship between cytokines and clinical manifestations in COPD patients.

This study aimed to determine the airway Th cell cytokine profiles of AECOPD patients during hospitalization and a 120-day follow-up after discharge, and the relationships between cytokines and clinical features.

Materials and Methods {#S0002}
=====================

Study Populations {#S0002-S2001}
-----------------

Patients diagnosed with acute exacerbations of COPD and hospitalized in Ningde City Hospital and Peking University People's Hospital from January 2017 to August 2017 were consecutively enrolled in the study (ClinicalTrials.gov ID, NCT03236480).

COPD was diagnosed according to the criteria of the Global Initiative for Chronic Obstructive Lung Disease (GOLD):[@CIT0017] (1) a history of exposure to cigarette smoke or other risk factors for the disease; (2) symptoms such as dyspnea, chronic cough and/or sputum production; and (3) a post-bronchodilator fixed ratio of forced expiratory volume in one second to forced vital capacity (FEV1/FVC) less than 0.70. COPD severity was assessed using spirometry criteria outlined by the GOLD guidelines:[@CIT0017] 1) GOLD stage 1, FEV1% predicted is greater than or equal to 80%; 2) GOLD stage 2, FEV1% predicted is greater than or equal to 50%, but less than 80%; 3) GOLD stage 3, FEV1% predicted is greater than or equal to 30%, but less than 50%; and 4) GOLD stage 4, FEV1% predicted is less than 30%. An exacerbation of COPD was defined as an acute event characterized by a worsening of the patient's respiratory symptoms that were beyond normal day-to-day variations and led to a change in medication.[@CIT0017]

The exclusion criteria were the presence of significant respiratory disease other than COPD, such as asthma, pulmonary tuberculosis, interstitial lung disease, or lung cancer, and the presence of chronic inflammatory disease, such as inflammatory bowel disease and connective tissue diseases.

For patients hospitalized before May 1st, 2017 (cohort A), clinical data during hospitalization were collected using a standard electronic medical record. For patients enrolled after May 1st 2017 (cohort B), additional follow-up for 120 days was requested. Follow-up forms, including smoking status, clinical symptom, and medication questions, were completed every 30 days. Before collecting any data, written informed consent was obtained from all patients. The Ethics Committee of Peking University People's Hospital approved the study (Approval number: 2016PHB202-01). This trial was conducted in accordance with the Declaration of Helsinki. The screening and follow-up process is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flowchart of the study population.**Abbreviation:** COPD, chronic obstructive pulmonary disease.

Sputum Sample Collection and Preservation {#S0002-S2002}
-----------------------------------------

Spontaneous sputum samples were collected in the first 24 hours after admission and 24 hours before discharge. In cohort B, sputum samples were also collected every 30 days during the 120-day follow-up. Sputum specimens were discharged into sterile cups. Qualified samples containing \<10 epithelial cells and \>25 leukocytes per low power field (× 100) were accepted for further processing and measurements. Samples were incubated with 1× volume 0.1% dithiothreitol (DTT) at 37°C for 30 minutes. After that, samples were mixed with an equal volume (to the DTT solution) of sterile normal saline, rocked for 5 minutes, and then centrifuged at 12,000 rpm for 10 minutes at room temperature.[@CIT0018],[@CIT0019] The supernatants were stored at −80 °C and transported in dry ice to the laboratory in Peking University People's Hospital.

Cytokine Measurements {#S0002-S2003}
---------------------

Twelve cytokines, including Th1 (TNF-α, IFN-γ, and IL-2), Th2 (IL-4, IL-5, and IL-17E), Th17 (IL-6, IL-17A, IL-21, IL-22, and IL-23) and Treg (IL-10) cytokines were measured using a Luminex Human Magnetic Assay Kit (LXSAHM-12; R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. Mean fluorescence intensity calculated from duplicates of each sample was collected using a Luminex 200 System (Luminex, Austin, TX, USA). The detection sensitivity was 1000 fluorochromes per microsphere. A seven-point standard curve including the blank, was used to calculate sample cytokine concentrations. The lower limit of detection (LOD) for each cytokine is 1.41 pg/mL, 21.17 pg/mL, 29.89 pg/mL, 5.28 pg/mL, 1.38 pg/mL, 92.78 pg/mL, 0.98 pg/mL, 2.79 pg/mL, 5.81 pg/mL, 6.96 pg/mL, 30.09 pg/mL and 2.36 pg/mL for TNF-α, INF-γ, IL-2, IL-4, IL-5, IL-17E, IL-6, IL-17A, IL-21, IL-22, IL-23, and IL-10, respectively.

Statistical Analysis {#S0002-S2004}
--------------------

We restricted our analyses to cytokines for which \< 30% of samples were below the lower LOD.[@CIT0020] The percentages of measurements below the lower LOD for the 12 cytokines were shown in [[Table S1](http://www.dovepress.com/get_supplementary_file.php?f=252097.docx)]{.ul}. IL-2 levels at all 6-time points and IFN-γ, IL-21, and IL-10 levels at admission were excluded from further analysis. Then we imputed values below the lower LOD by a value of one-half of the lower LOD.[@CIT0021] After imputation, the normality of the imputed data was assessed using the Kolmogorov--Smirnov test. Subsequently, to evaluate whether the Th cell cytokines in sputum could be partitioned into clusters with distinct cytokine phenotypes, *k*-means partitional clustering[@CIT0022] was employed based on the cytokine levels of all subjects at admission. The elbow method[@CIT0023] was used to determine the optimal *k* number of clusters using the R package "NbClust"[@CIT0024] Spearman's rank correlation was performed to analyze the associations between cytokine levels and clinical parameters. Binary logistic regression was used to determine the risk factors affecting the frequency of acute exacerbations.

Generally, categorical variables are presented as numbers (percentages), parametric continuous variables are presented as the mean ± standard deviation (SD), and nonparametric continuous variables are presented as median and interquartile ranges (25th and 75th percentiles). Continuous nonparametric data were analyzed using the Mann--Whitney U or Kruskal--Wallis test and continuous parametric data were analyzed using Student's *t*-test or one-way analysis of variance (ANOVA). All categorical data were analyzed using a chi-square or Fisher's exact test. All analyses were performed in SPSS Statistics (version 25.0; IBM, Chicago, IL, USA). A two-sided *p*-value \<0.05 was considered statistically significant; confidence intervals (CIs) were set at 95%.

Results {#S0003}
=======

Population Characteristics {#S0003-S2001}
--------------------------

A total of eighty-seven patients (82 men and five women) were included in the study, 64 in cohort A and 23 in cohort B, with a mean age of 72 ± 8.5 years. Individually, 13, 32, and 42 patients were classified as GOLD stages 1\~2, 3, and 4, respectively. A total of 16 patients (18.4%) received assisted ventilation during hospitalization, and two died (2.3%). As shown in [Table 1](#T0001){ref-type="table"}, there were no significant differences in age, sex, smoking history, or the prevalence of comorbidities and complications among patients at different GOLD stages, except for the incidence of non-invasive ventilation, which was significantly higher in patients at GOLD stage 4.Table 1Clinical Characteristics of the Patients According to GOLD StagesGOLD\
Stage 1, 2\
(n = 13)GOLD\
Stage 3\
(n = 32)GOLD\
Stage 4\
(n = 42)*p*-valueAge, yrs74.08 ± 6.29173.22 ± 9.88270.40 ± 7.9080.239Male12 (92.3%)29 (90.6%)41 (97.6%)0.354BMI, kg/m^2^21.17 ± 2.4320.93 ± 2.6922.00 ± 3.160.281Pack-years27.88 ± 21.6027.72 ± 24.8936.26 ± 25.910.289Current smokers7 (53.8%)14 (43.8%)12 (28.6%)0.181Comorbidities Diabetes mellitus1 (7.7%)4 (12.5%)7 (16.7%)0.764 Hyperlipidemia0 (0.0%)0 (0.0%)3 (7.1%)0.379 Coronary heart disease5 (38.5%)6 (18.8%)13 (31.0%)0.323 Chronic kidney disease0 (0.0%)2 (6.3%)0 (0.0%)0.265 Acute exacerbation frequency in previous 12 months2 (1--4)2 (1--5)3 (2.75--6.25)0.094 COPD medications11 (84.6%)24 (75.0%)40 (95.2%)0.042 ICS + LABA11 (84.6%)21 (65.6%)33 (78.6%)0.517 LAMA only0 (0.0%)0 (0.0%)1 (2.4%)0.274 LABA + LAMA0 (0.0%)1 (3.1%)0 (0.0%)0.517 ICS + LABA + LAMA0 (0.0%)2 (25.0%)6 (14.3%)0.246 Duration, yrs2 (2--4)2 (2--3)3 (2--4)0.607Outcome Type I respiratory failure3 (23.1%)7 (21.9%)6 (14.3%)0.631 Type II respiratory failure3 (23.1%)9 (28.1%)11 (26.2%)0.940 Non-invasive ventilation0 (0.0%)2 (6.3%)13 (31%)0.004 Tracheal intubation0 (0.0%)0 (0.0%)2 (4.8%)0.641 In-hospital mortality0 (0.0%)0 (0.0%)2 (4.8%)0.641 Length of hospital stay, days13 (9--20)11 (10--15)13 (11--16)0.367[^2]

Sputum Levels of T Helper Cell Cytokines During Hospitalization {#S0003-S2002}
---------------------------------------------------------------

To understand changes in Th cell cytokines during COPD exacerbations, we compared the levels of cytokines at admission and discharge. As shown in [Figure 2](#F0002){ref-type="fig"}, the levels of Th1 (TNF-α), Th2 (IL-17E), and Th17 (IL-17A and IL-22) cell cytokines at admission were significantly higher than those at discharge, and IL-22 and TNF-α exhibited the most significant changes with 2.8-fold and 2.0-fold increases, respectively. IL-10 content was low both during AEs and at the 120-day follow-up, indicating a defective IL-10 response in COPD patients, as previously reported.[@CIT0011] No significant differences in sputum levels of cytokines were observed among different GOLD stages. Likewise, no significant differences were observed in clinical classifications based on age, sex, or disease complications such as respiratory failure, cor pulmonale, etc (all *p* \> 0.05, data not shown).Figure 2Levels of cytokines at admission and discharge.\*\**p* \< 0.01, \*\*\**p* \< 0.001.**Abbreviations:** TNF, tumor necrosis factor; IFN, interferon; IL, interleukin.

Cluster Analysis Revealed Three Distinct Th Cell Cytokine Profiles {#S0003-S2003}
------------------------------------------------------------------

To evaluate whether sputum samples from all subjects at admission could be partitioned into clusters with distinct Th cell cytokine profiles, we utilized a *k*-means clustering algorithm. This approach yielded three separate cytokine clusters (as shown in [Figure 3A](#F0003){ref-type="fig"}), with 26, 56, and five patients in cluster 1, cluster 2, and cluster 3, respectively.Figure 3Grouping using *k*-means clustering (**A**) and clinical features across the three clusters (**B**--**D**). According to the levels of cytokines at admission, 87 patients were divided into three clusters (cluster 1, cluster 2 and cluster 3, painted in red, green and blue, respectively, in the figure) using a *k*-means clustering algorithm.

The Kruskal--Wallis test revealed that 7 out of 8 cytokines were significantly different among the clusters (all *p* \< 0.01, as shown in [[Table S2](http://www.dovepress.com/get_supplementary_file.php?f=252097.docx)]{.ul}). We further performed pairwise comparisons. As shown in [Figure 4](#F0004){ref-type="fig"}, Th1 (TNF-α), Th2 (IL-17E), and Th17 (IL-6, IL-17A, and IL-22) cell cytokine expression significantly differed from each other. In cluster 3, the highest levels of TNF-α and IL-6 (\~25.9-fold and \~107.7-fold compared to those in the lowest cluster, respectively) and the lowest level of IL-17A (\~0.2-fold compared to that in the highest cluster) were observed. Meanwhile, the highest levels of IL-17A, IL-22, and IL-17E (approximately 4.3-fold, 2.7-fold, and 3.5-fold compared to those in the lowest cluster, respectively) were observed in cluster 1. Notably, the levels of IL-6, a cytokine that promotes Th17 cell differentiation, were highest in cluster 3 (*p* \< 0.001), while the primary effector cytokines of Th17 cells, IL-17A and IL-22, were the lowest (*p* \< 0.001). The data indicated IL-17A and IL-22 deficiencies in the COPD patients of cluster 3. In general, we identified three distinct Th cell cytokine profiles through cluster analysis, which were termed "Th1~high~Th17~high~" (cluster 1), "Th1~low~Th17~low~" (cluster 2), and "Th1~high~Th17~low~" (cluster 3).Figure 4Levels of cytokines at admission across the three clusters.**Abbreviations:** TNF, tumor necrosis factor; IL, interleukin.

We assumed that differential cytokine expression is associated with different clinical characteristics. We compared the clinical data among these three clusters ([Table 2](#T0002){ref-type="table"} and [Figure 3B](#F0003){ref-type="fig"}--[D](#F0003){ref-type="fig"}). As shown in [Table 2](#T0002){ref-type="table"}, the overall distributions of GOLD stages in distinct clusters were similar to each other. However, patients in cluster 3 ("Th1~high~Th17~low~") suffered from the most extended length of hospital stay and the longest length of non-invasive ventilation (Kruskal--Wallis test, *p* = 0.019 and *p* = 0.011, respectively). Moreover, they had the lowest body mass index (BMI) and the highest AE frequency (Kruskal--Wallis test, *p* = 0.002, and *p* = 0.035, respectively).Table 2Clinical Characteristics of the Patients in Three ClustersCluster 1\
(n = 26)Cluster 2\
(n = 56)Cluster 3\
(n = 5)*p*-valueAge, yrs71.54 ± 8.94172.38 ± 8.61670.00 ± 6.3640.799Male24 (92.3%)54 (96.4%)4 (80.0%)0.188BMI, kg/m^2^20.67 ± 3.4922.13 ± 2.2117.51 ± 3.590.002Smoking history20 (76.9%)47 (83.9%)3 (60%)0.293Pack-years27.17 ± 24.3934.04 ± 23.9532.00 ± 40.870.518Current smokers10 (38.5%)23 (41.1%)0 (0.0%)0.237Comorbidities Diabetes mellitus2 (7.7%)10 (17.9%)0 (0.0%)0.412 Hyperlipidemia0 (0.0%)3 (5.4%)0 (0.0%)0.622 Coronary heart disease9 (34.6%)13 (23.2%)2 (40.0%)0.402 Chronic kidney disease2 (7.7%)0 (0.0%)0 (0.0%)0.199 FEV1/FVC, %51.4 ± 9.9^a^47.9 ± 9.5^b^45.0 ± 14.70.271 FEV1, % predicted32.8 (25.3--45.7)^a^29.5 (18.1--45.1)^b^27.4 (19.2--47.2)0.230GOLD 1 and 24 (15.4%)8 (14.3%)1 (20.0%)0.889 39 (34.6%)22 (39.3%)1 (20.0%)0.810 413 (50.0%)26 (46.4%)3 (60.0%)0.823 Acute exacerbation frequency in previous 12 months2 (1--3)3 (2--5.75)4 (1--7)0.040Outcome Type I respiratory failure3 (15.4%)12 (21.4%)0 (0.0%)0.651 Type II respiratory failure7 (26.9%)15 (26.8%)1 (20.0%)1.000 Non-invasive ventilation3 (11.5%)9 (16.1%)3 (60.0%)0.050 Length of non-invasive ventilation, days0 (0--0)0 (0--0)7 (0--18)0.011 Tracheal intubation1 (3.8%)0 (0.0%)1 (20.0%)0.037 In-hospital mortality1 (3.8%)0 (0.0%)1 (20.0%)0.037 Length of hospital stay, days11 (9--14.25)13 (11--15.75)22 (15--23.5)0.019[^3][^4]

Spearman correlation analysis between clinical manifestations and cytokines revealed that AE frequency was negatively correlated with sputum levels of Th17 cytokines (IL-17A, IL-22, and IL-23) and Th2 cytokines (IL-17E) (all *p* \< 0.05), as shown in [Figure 5](#F0005){ref-type="fig"}. In addition, the level of IL-6 was positively correlated with the length of non-invasive ventilation (*r* = 0.254, *p* \< 0.05).Figure 5Spearman correlation analysis between clinical features and the levels of cytokines at admission. *r* is the correlation coefficient. Levels of IL-17A, IL-22, IL-23, and IL-17E in sputum on admission are positively correlated with AE frequency in the last 12 months (**A**--**D**). Levels of IL-6 in sputum on admission is positively correlated with length of non-invasive ventilation (**E**).**Abbreviations:** AE, acute exacerbation; IL, interleukin.

Th17 Cytokine Expression Levels Were Related to AE Frequency in COPD Patients {#S0003-S2004}
-----------------------------------------------------------------------------

We further analyzed the correlations between sputum levels of cytokines and AE frequency. As shown in [Table 3](#T0003){ref-type="table"}, in patients with high AE frequency (more than two times in the previous 12 months), the levels of IL-17A and IL-22 were significantly lower than those in patients with a relatively low AE frequency (≤ 2 times in the previous 12 months) (*p* = 0.036 and 0.019). [Table 3](#T0003){ref-type="table"} also lists other variables that exhibited significant differences between patients with a high AE frequency and those with a low AE frequency, including the incidence of chronic cor pulmonale, GOLD stage, modified British Medical Research Council (mMRC) scores, 6-minute walking test results, COPD assessment test (CAT) scores and the levels of IL-23, and we also included the levels of IL-17E which were correlated with AE frequency. We further performed backward stepwise logistic regression to analyze the independent relationship between Th17 cytokines (IL-17A and IL-22) and high AE frequency. As shown in [Table 3](#T0003){ref-type="table"}, increased sputum levels of IL-17A were independently related to a lower risk of AE, with an OR (95% CI) of 0.975 (0.958--0.993) and a *p* = 0.006.Table 3Univariate Analysis and Multivariate Regression to Identify Independent Factors That Correlated with High AE FrequencyVariableUnivariate AnalysisMultivariate Logistic Regression*P*OR (95% CI)*P*OR (95% CI)Age, yrs0.0841.047 (0.993--1.104)Male0.9911.010 (0.160--6.379)Chronic cor pulmonale0.0055.647 (1.517--21.016)GOLD 40.0034.000 (1.591--10.056)mMRC score \> 2\<0.0015.500 (2.143--14.118)6MWD \< 250m0.0014.705 (1.858--11.912)CAT score \> 20\<0.0018.140 (2.859--23.178)\<0.00112.965 (3.293--51.049)IL-17A, pg/mL0.0360.986 (0.973--0.999)0.0060.975 (0.958--0.993)IL-22, pg/mL0.0190.984 (0.970--0.997)IL-23, pg/mL0.0390.998 (0.997--1.000)IL-17E, pg/mL0.1140.999 (0.998--1.000)[^5]

Levels of IL-17A and IL-22 Over the 120-Day Follow-Up {#S0003-S2005}
-----------------------------------------------------

We assumed that reduced expression levels of IL-17A and IL-22 indicated higher frequencies of AE. Values of four-time points during the 120-day follow up were further assessed. As shown in [Figure 6](#F0006){ref-type="fig"}, patients who revealed lower levels of IL-22 and IL-17A suffered a higher incidence of AE in the next 30 days, although without statistical significance (*p* \> 0.05). The tendency remained the same for IL-22 at all four-time points of follow-up, while IL-17A only maintained the trend 90 days after discharge.Figure 6Levels of Th17 cytokines during the 120-day follow-up. Patients with lower levels of IL-17A (**A**) and IL-22 (**B**) tended to have a higher risk of AE in the next 30 days, although without statistical significance (*p* \> 0.05).

Discussion {#S0004}
==========

In the present study, we characterized the Th cell cytokine profiles, including those for Th1, Th2, and Th17 cells and Treg, in sputum samples of 87 COPD patients during acute exacerbations. We identified three distinct Th cell cytokine profiles during AE, including Th1~high~Th17~high~, Th1~low~Th17~low~, and Th1~high~Th17~low~ profiles, which exhibited significantly different clinical outcomes. The Th1~high~Th17~low~ profile during AE was associated with increased duration of NPPV, lengths of hospital stay, and AE frequency. Moreover, decreased sputum IL-17A levels were independently associated with increased AE frequency to more than twice per year. We also identified that defective IL-22 expression in COPD might persist and indicate acute exacerbations in the short term.

Consistent with previous studies, our study showed that high expression of Th1 cytokines during exacerbations was related to poor prognosis, which might be due to the role of Th1 cytokines in promoting inflammatory responses, mucus secretion, and tissue destruction. We found that the levels of TNF-α exhibited the most significant change during exacerbation among Th1 cytokines. As an essential pro-inflammatory cytokine, TNF-α plays a critical role in the stable stage and during AE of COPD. An animal study showed that TNF-α was associated with cigarette-induced airway macrophage and neutrophil influx, production of matrix metalloproteinase (MMP), and the development of emphysema.[@CIT0025] There is an increase in the levels of TNF-α in both induced sputum and serum in patients with stable COPD, with a further rise during exacerbations.[@CIT0010],[@CIT0026] Singh et al[@CIT0010] found that elevated serum levels of TNF-α in patients with stable COPD were related to reduced predicted FEV1%. The evidence above indicates that TNF-α is closely correlated with disease progression and prognosis in COPD patients. Patients in cluster 3 had the highest levels of TNF-α and lowest pulmonary function parameters (FVC/FEV1 and FEV1%pred, without significant difference, however), which is consistent with the evidence above. They also had the lowest BMI among the 3 clusters. Previous studies suggest that TNF-α would induce loss of skeletal muscle mass in multiple ways,[@CIT0027],[@CIT0028] and was associated with the increased secretion of some adipokines (eg leptin and adiponectin), which were also related to low body weight in COPD patients.[@CIT0029],[@CIT0030] In addition, with the significant decline of ventilator function, these patients persistently made excess respiratory exercise than others, which also contributed to the severe weight-loss.

Another pro-inflammatory cytokine, IL-6, was related to the poor prognosis of COPD patients in our study. IL-6 is a recognized biomarker of inflammation. Hurst et al[@CIT0031] found that levels of IL-6 in the serum and airway during exacerbation were correlated with other inflammatory markers, such as leukocyte count, myeloperoxidase (MPO) and c-reactive protein (CRP). Pinto-Plata et al[@CIT0032] reported that the levels of IL-6 were significantly correlated with changes in dyspnea and FEV1 in patients hospitalized for exacerbation of COPD. Our results are consistent with the above studies, implying that severe inflammatory response during exacerbation leads to a poor clinical outcome.

IL-17A, IL-17F, and IL-22 are the key components of Th17 cytokines, produced by Th17 lymphocytes, and many innate immune cells, such as neutrophils, eosinophils, basophils, mast cells, γδT-cells, type 3 innate lymphoid cells (ILC3), natural killer (NK) cells.[@CIT0005],[@CIT0033] In the lung, IL-17A binds to its receptor, IL17RA-IL-17RC, expressed on many kinds of cells such as epithelial and vascular endothelial cells, fibroblasts, neutrophils, macrophages, dendritic cells (DCs), and eosinophils, and induces the production of pro-inflammatory cytokines (eg, IL-6 and TNF-α) and chemokines (eg, CXCL8, CXCL1, CXCL5, G-CSF, and GM-CSF), promoting the granulopoiesis and recruitment of macrophages and neutrophils.[@CIT0033],[@CIT0034] Moreover, both of IL-17A and IL-22 participate in the induction of antimicrobial peptides (such as defensins) in a synergistic way.[@CIT0005] Sharing high homology with IL-17A, IL-17F has similar function but is less active.[@CIT0035] IL-22 binds to its receptor, IL-22R1-IL-10R2, expressed on cells with epithelial origin, and is signalled primarily through STAT3 pathway.[@CIT0036] In airway, IL-22 helps to maintain and restore the integrity of epithelial barrier, and stimulates the production of protective mucus from goblet cells.[@CIT0036] IL-22 also induces the expression of proteins involved in anti-apoptosis, cell cycle and proliferation, thus contributing to epithelial cell proliferation and survival.[@CIT0036] IL-21, secreted primarily by Th17 cells and IL-23, secreted primarily by DCs, sustain and promote the production of Th17 cytokines.[@CIT0034]

We determined Th17 cytokine levels in COPD patients during and after exacerbation and found that IL-17A and IL-22 contents increased significantly during an exacerbation, which was consistent with results from other studies.[@CIT0037],[@CIT0038] Furthermore, we found that COPD severity was correlated with Th17 cytokine levels in sputum during exacerbation and those who cannot produce sufficient IL-17A and IL-22 suffer from a severe course, implying that Th17 cytokines play a protective role during exacerbation. This finding seems to be contradictory with previous studies, in which Th17 cytokines play a harmful role in the pathogenesis and progression of COPD, such as being involved in neutrophilic inflammation in the lung,[@CIT0038] alveolar cell apoptosis,[@CIT0039] airway fibrosis,[@CIT0040] emphysema development[@CIT0041] and pulmonary function decline.[@CIT0009],[@CIT0011],[@CIT0037] Most exacerbations of COPD are caused by infection. Nontypeable *Haemophilus influenzae* (NTHi) and *Streptococcus pneumonia (S. pneumonia)* are the most common bacteria associated with COPD exacerbation.[@CIT0042] It has been confirmed in animal models and human immune cells that Th17 cells and cytokines are activated and participate in host defense and clearance of pathogens during infection with NTHi and *S. pneumonia*.[@CIT0043]--[@CIT0046] Therefore, our results suggest that Th17 cytokine levels increase during exacerbation and participate in the host defense against pathogens, and patients with low levels of Th17 cytokines have a prolonged course and increased severity of disease conditions.

The correlation between Th17 cytokines and AE frequency in COPD patients has not been investigated in previous studies. Our findings showed that a high AE frequency is correlated with decreased sputum Th17 cytokine levels during exacerbation. Although the correlation index was relatively low (r \< 0.3), which may due to the relatively small size. But the logistic regression verified that a relative low level of IL-17A is an independent risk factor for frequent AE. We infer that the anti-infection function of Th17 cytokines can reduce the risk of infection in patients with COPD, thereby reducing AE frequency. This hypothesis is supported by clinical data from patients with psoriasis who were treated with secukinumab, an anti-IL-17A antibody, who showed an elevated rate of infection, especially respiratory disease.[@CIT0047] Furthermore, an increased rate of exacerbation was observed in another clinical trial in which patients with COPD were treated with CNTO 6785, another anti-IL-17 antibody.[@CIT0016] These results imply that the role of Th17 cytokines in COPD is quite complicated. Although the Th17 cytokine response is related to chronic pulmonary inflammation and airway remodelling in COPD patients, it is vital to resist pathogens and prevent infection and frequent exacerbation. Previous studies that found that Th17 cytokines promoted disease progression were based mostly on results in the stable stage. Our studies showed that decreased levels of IL-17A and IL-22 during exacerbations were related to course severity and AE frequency. This result implies that Th17 cytokines might play different roles in the stable stage and exacerbation stage, and subsequent studies need to pay attention to this difference.

Our study showed that patients with Th1~high~Th17~low~ profiles had a worse prognosis than those with Th1~high~Th17~high~ patterns. This result suggests that among patients who had high levels of Th1 cytokines, those who could produce sufficient Th17 cytokines would have better clinical outcomes than those who could not. In other words, patients with a Th1/Th17 imbalance have the worst clinical manifestations. We hypothesize that the Th1/Th17 imbalance is due mainly to some COPD patients having an impaired ability to produce a Th17 response (especially IL-17A and IL-22 production), which results in increased susceptibility to infection, thereby leading to increased exacerbation severity and frequency. Andelid et al[@CIT0048] found that IL-17 levels in the blood were markedly lower in stable COPD patients than in non-smoker control subjects, and the reduction was more significant in patients with severe disease. They also reported that lower IL-17 levels were related to opportunistic pathogen colonization in COPD patients. The group of Barczyk et al[@CIT0049] reported lower levels of IL-17 in the sputum of COPD patients than in that of chronic bronchitis patients. Also, patients with AECOPD were found to had lower IL-17A levels in both blood and sputum than healthy controls and patients with severe exacerbations had lower than those with mild exacerbations.[@CIT0050] These findings suggest that the Th17 pathway could be impaired in COPD patients. Pichavant et al[@CIT0044] found an increase in IL-17 and IL-22 levels in BAL and lung lysates of air-exposed mice but not in those of CS (cigarette smoke) -exposed mice after *S. pneumonia* challenge, and they found the same defect in PBMCs from COPD patients. Furthermore, in that study, they found reduced levels of IL-17-producing NK and NKT cells and IL-22-producing conventional T cells, NK cells, NKT-like cells, and Lin-negative cells in CS-exposed mice.[@CIT0044] Several studies suggest that chronic CS exposure affects the function of DCs (such as maturation, migration, and endocytosis), resulting in reduced secretion of pro-Th17 cytokines such as IL-1β and IL-23, then reduced activation of Th17 response.[@CIT0044],[@CIT0045],[@CIT0051],[@CIT0052] We found levels of IL-23 was negatively correlated to AE frequency, which may conform to the defect of DCs function.

Some studies suggest the difference of Th17 response in COPD patients with different exposure history. In COPD related to cigarette smoke exposure, higher frequency of CD4+ Th17 cells and level of IL-17A in peripheral blood was described comparing with COPD with biomass-burning exposure.[@CIT0053],[@CIT0054] However, we found no distinct difference of distribution of smokers and non-smokers among three clusters in our study (as shown in [Table 2](#T0002){ref-type="table"}), no difference of cytokine levels between patients with and without smoking history, either (as shown in [[Table S3](http://www.dovepress.com/get_supplementary_file.php?f=252097.docx)]{.ul}). Moreover, some researchers showed the altered IL-17A production related to functional single nucleotide polymorphism (SNP) in promotor of IL-17A gene. For example, rs8193036 T \> C downregulates, and rs2275913 G \> A upregulates the secretion of IL-17A through influencing transcription factor binding activity.[@CIT0055],[@CIT0056] Ponce-Gallegos et al[@CIT0054] showed that COPD patients carrying rs8193036 CC genotype had lower IL-17A levels than those who carry TT and TC genotypes. Therefore, many factors combined result in the different ability to produce Th17 response in COPD patients, which may be one of the reasons for poor clinical trial results, and further clinical trials should take this fact into account to select patients who may benefit from anti-Th17 cytokine treatment.

The limitation of our study is that we did not determine the cytokine profiles in the sputum of healthy people, and the difference in Th17 cytokine levels between COPD patients and healthy people could not be clarified. And we did not determine sputum cellular profiles or identify different types of inflammatory cells in sputum samples. Our follow-up data showed a trend in which Th17 cytokine levels change after discharge, and further studies with more follow-up cases and longer time course are needed to verify this result.

Conclusions {#S0005}
===========

Our study determined the cytokine profiles in the sputum of patients with COPD. We identified three distinct Th cell cytokine profiles during AE, namely Th1~high~Th17~high~, Th1~low~Th17~low~, and Th1~high~Th17~low~ patterns, which exhibited significantly different clinical outcomes. Th1/Th17 imbalance during AE is associated with the severity of COPD. Sufficient Th17 cytokine responses (production of IL-17A and IL-22, especially IL-17A) can reduce the frequency and severity of the exacerbation. The Th1/Th17 balance may be a specific target for therapeutic manipulation of COPD.
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